INTRODUCTION
The cause of essential hypertension remains unknown, but it has been accepted that hypertensive patients present an increased genetic sensitivity to a series of environmental influences. 1 It is known that some specific red blood cell membrane functions are abnormal in hypertensive patients, such as abnormal net Na + , K + and Ca 2+ fluxes in erythrocyte membranes, [2] [3] [4] [5] as well as in rats with spontaneous hypertension. 6 Hypertensive disease is accompanied by an abnormal increase in Ca 2+ in many cells, and Ca 2+ channel blockers are used to treat hypertension. 5 This dysfunction may be related to proteolysis of proteins involved in ion transportation. In fact, it has been reported that the equilibrium between the endogenous red cell protease calpain I and its physiological inhibitor calpastatin is disrupted in hypertensive patients, with an imbalance of the proteolytic system occurring, possibly due to environmental stimuli. [7] [8] [9] [10] This disequilibrium would lead to structural membrane disturbances, increased free intracellular calcium and a disturbance of the cellular proteolytic system, [8] [9] [10] Such an imbalance would affect some red cell membrane proteins and the cation transportation system, as Na + -K + cotransportation increases and leads to decreased intracellular Na+ followed by hypertension. 7 These studies have been carried out with erythrocytes, as these cells have been successfully used as a mirror for what happens in other tissues, for example lymphocyte adenosine deaminase deficiency, which may be assessed in the red cells.
It is known that calpain I (EC 3.4.22.17) is a red cell protease which acts selectively upon the erythrocyte membrane proteins 2.1 and 4.1, and is activated by 0.05 mM calcium. 11, 12 Its effect in vivo is modulated by its specific physiological inhibitor, calpastatin. 13 All the cited reports dealt with purified enzyme preparations and purified nonmembrane substrates like hemoglobin. Natural substrates like membrane proteins have not been employed. That being so, this study was designed in order to observe the action of nonpurified enzymes in a near-physiological environment upon their own membrane proteins as the physiological substrate.
METHODS
In this work, calpain I activity on the erythrocyte membrane proteins of normal controls (n:10) was investigated, as well as on primary hypertension patients over 21 years of age, with mild to moderate hypertension, as defined according to the V Joint National Committee.
14 Informed consent was given by all subjects. The patients were given the calcium channel-blocker amlodipine (n:10) and the angiotensin-converting enzymeblocker captopril (n:10) for 8 weeks. A twoweek washout period was instituted before treatment. Venous blood samples from normal controls and hypertensive patients were taken for membrane studies, before and after the 8 weeks of treatment. 15 by washing them six times in 5 mM phosphate buffer pH 7.4 at 19,000g at 4 º C. The ghosts were solubilized and applied in SDS-PAGE at 10% linear acrylamide (80 mg of ghost in each well), according to Laemmli, 16 and at 3-17% exponential acrylamide gradient (100 mg of ghost in each well), according to Fairbanks. 17 For every patient as well as for every control, a ghost without calcium was also prepared with 0.2 mM phenylmethylsulfonyl fluoride (PMSF) as a serine protease inhibitor, and 2 mM nethylmaleimide (NEM) as a cysteine protease inhibitor. In order to check whether calpain I was present, hemolysates from normal controls were incubated for 1 hour at 37 º C under the following conditions: 1) hemolysate without calcium and without inhibitor; 2) hemolysate + 2.0 mM calcium without inhibitor; 3) hemolysate + 2.0 mM calcium + 0.2 mM PMSF; 4) hemolysate + 2.0 mM calcium + 2.0 mM NEM.
The gels were stained with coomassie blue and scanned in a LKB Ultroscan XL Laser densitometer with LKB gelscan/92 software. The band concentrations were given as the percentage of the total red cell membrane protein. Spectrin and ankyrin concentrations were determined in the Fairbanks gels; band 3 and other small membrane proteins were determined in the Laemmli gels.
Variance analysis, as well as the TukeyKramer multiple comparison, was used for detecting any statistical difference at 5% significance level among the studied groups.
RESULTS
The first experiments confirmed that the hemolysates presented a protease that is active with calcium on bands 2.1 and 4.1, is not inhibited by PMSF (serine protease inhibitor) and is inhibited by NEM (cysteine protease inhibitor). This indicated the presence of calpain I, the only described red cell cysteine protease presenting these features. Figures 1 and  2 clearly show the disappearance of bands 2.1 and 4.1 in lanes 3 and 9. In lane 3, the calcium led to proteolysis and in lane 9, the PMSF did not inhibit the proteolysis, confirming that this proteolysis could be ascribed to calpain I activity. Moreover, in the lanes that had NEM, a calpain I inhibitor, no proteolysis was observed. According to our data, laid out in Tables 1 and 2 , bands 2.1 and 4.1 were digested, indicating calpain I activity. Band 2.1 started to be degraded with 0.05 mM calcium chloride, whereas band 4.1 degradation was only achieved with 2 mM calcium. Whenever a band showed proteolysis, other minor bands started to appear, indicating that these ones might be degradation products ( Figure 1) .
No statistical differences regarding band 2.1 and band 4.1 were observed before treatment, between the controls and the hypertensive patients, either in ghosts prepared without calcium or with increasing concentrations of calcium (Table 1) . Nor were statistical differences observed after treatment, between the controls and the patients treated preparations were obtained from erythrocytes that were cleared of leukocyte contamination using 1:1 microgranular cellulose to alpha cellulose column filtration, in order to avoid the presence of the white blood cell protease, which could jeopardize the results.
Afterwards, the red cells were washed in buffered saline pH 7.4 at 4 º C and lysed 1:20 in 5 mM phosphate buffer pH 7.4 without any protease inhibitor. Thereafter, the hemolysates with ghosts in suspension, containing both crude enzymes and crude substrates, were divided into aliquots and incubated at 37 º C with 0.05 mM, 1.0 mM and 2.0 mM calcium chloride concen- with amlodipine and captopril (Table 2) , or between the patients before and after treatment with both drugs (Tables 3 and 4) .
DISCUSSION
Red cells have been used as a tool for detecting other metabolic defects in tissue, and the Pontremoli group has reported decreased calpastatin in red cells in hypertensive patients. [8] [9] [10] This would lead to a calpain Icalpastatin disequilibrium favoring calpain I activity, due to the decrease in calpastatin. That group purified calpain I as well as calpastatin, and observed a decrease in calpastatin concentration, which was ascribed to digestion of its own calpastatin by the calpain I. 9, 10 Enzyme activity inhibition or stimulation is usually achieved by modulators. Calpain I modulators have not been reported, except for calcium, and some reports 18, 19 have claimed that there is an increase in erythrocyte calcium in hypertensive patients as well, which could activate calpain I.
Although it has been reported that red cell calpastatin is decreased in hypertensive patients, [11] [12] [13] which would possibly lead to higher final calpain I activity, this hypothesis was not confirmed under the conditions presented in this study. Here, the final calpain/ calpastatin system activity did not increase the calpain I proteolytic effect upon bands 2.1 and 4.1 (Table 1) .
It may be suggested that putative protective factors provided by calpastatin could be decreased in hypertension, and so calpastatin would be degraded. However, even a diminished concentration of calpastatin would be enough to inhibit calpain I activity in vivo, at least in the red cells.
Hypertensive patients and controls were studied, and no statistical differences were found between them, regarding membrane protein concentrations (Tables 1 and 2) . Equally, no differences were observed before and after treatment with amlodipine or captopril (Tables 3 and 4) .
The strategy designed for this study, which utilized crude hemolysate containing both crude enzymes and red cell membrane proteins as substrates, may more adequately reflect what actually happens in red cells. This procedure maintained an approximately physiological environment, in which other cytosol proteins or factors that are taken out during protein purification were not excluded. Under these conditions, no final increased activity of calpain I on its own membrane proteins was 
